Herbicide is a well-known artificially synthesized substance used in paddy fields as an effective way to increase the quantity and quality of rice production by controlling the weedy rice in the field. In Tanjung Karang area, a new paddy strain was introduced to avoid weedy rice problem which requires farmers to apply herbicide containing imazapic and imazapyr which kills the weedy rice only but does not affect the new paddy strain. However, imazapic has the possibility to cause several health problems and also disrupting aquatic ecosystem. Hence, this research aims to carry out an extraction procedure and detection for imazapic residues in surface water and groundwater to assess its distribution in the study area. In this study, samples were collected from the surface water and groundwater for two consecutive seasons of paddy cultivation. After several clean-up and extraction procedure using solid-phase extraction (SPE) method, the water samples were analyzed using High Performance Liquid Chromatography-UV (HPLC-UV) for the presence of Imazapic residue. In 52.6% of the surface water samples and 51.8% of the groundwater samples, presence of imazapic residues was detected. This is a concern as it may possibly cause harm to the farmers. Results showed significant difference for the level of imazapic concentration detected in surface water during main season and off season (pvalue=0.005, CI = -0.39, 0.11). Thus, it can be concluded that the concentration of imazapic residue detected during main season (o.71 ug/ml) was higher compared to the samples collected during off season (0.57 ug/ml).
INTRODUCTION
Pesticide is a well-known artificially synthesized substance used in agriculture as an effective way to increase the amount and quality of food production by controlling pests, plague and weeds, all of which can be harmful to crops and reduces productivity [1] , [2] , [3] . They are also classified into different classes depending on its purpose or target organism, and this includes herbicide, insecticide, fungicide, nematicide, and bactericide [3] , [4] . Among all classes of pesticide, herbicide is the one favoured by most agricultural community due to its advantages in high-yield crops by helping the farmers remove crop competing weeds without the need of farm labourers [5] . One such herbicide is Imazapic, a compound that belongs to the imidazolinone family [1] , [2] , [6] , [7] , [8] , [9] , [10] . It is one of various wellknown herbicides used by farmers to kill weedy rice in paddy fields [9] . It contains imazapic, and it has been introduced in Malaysia for approximately three years prior to this research [11] . The use of this herbicide was in conjunction with the newly introduced paddy strain by MARDI; the MR220 CL1 and CL2. This new paddy strain is injected with imidazolinone herbicide resistant compound and is therefore known as the new developed nontransgenic herbicide resistant from the previously transgenic resistant crop [8] , [11] . However, previous toxicological studies of imazapic compound carried out on animals showed that it may cause eye irritation, anemia, liver damage, increased cholesterol and muscle degeneration [4] . This became a major concern since the herbicide could leach into the aquatic environment through ditches or other paths carrying Imazapic residues. Additionally, Imazapic is persistent in water for up to 39 days. Therefore, apart from disrupting the aquatic ecosystem, contact through water during paddy cultivation routine may be harmful to the farmers [4] , [7] , [12] . Hence, this research aims to carry out an extraction procedure and detection of imazapic residues in surface water and groundwater to assess its distribution in the study area. Figure 1 ) [13] , [14] . One paddy plot in Block C of Sawah Sempadan was designated as the specific study area, located at 3 o 28'17.15"-3 o 28'21.76" N latitude and 100 o 13'20.39"-101 o 13'26.78" E longitude. Surface water and groundwater samples were collected in two consecutive season. First sampling was carried out in July and August 2013 (off season) while the second sampling was in January and February 2014 (main season). One liter each of the surface water was collected in the paddy area inlet, the drain (outlet) and in the drain canal. For the groundwater, one liter samples were collected from the monitoring well that was installed beforehand ( Figure 2 ). The water samples were taken at all the same locations starting from the day before the rice cultivation started (0 day), 1 st , 3 rd , 5 th , 7 th , 11 th , and 15 th day of imazapic containing herbicides application in the paddy fields. The samples were collected using standard sampling method for water sampling [10] , [15] . All samples were collected directly into the sampling bottles and kept in the chiller under 4C before extracting using established method [16] , [17] . Prior to sample application for the extraction method, the SPE column was conditioned by passing consecutively two times 3 mL DCM, two times 3 mL MeOH, and three times 2 mL purified water acidified (pH 3.0) with acetic acid 1:1 (v/v). After adjusting the pH to 3.0 by adding acetic acid, the samples were well mixed and passed through the SPE tubes at 10 mL min -. The tubes were then eluted with two times of 3 mL DCM before being dried and 4 mL of 2-propanol was then added and allowed to dry until it reaches 1 mL before being injected into HPLC-UV for analytes separation with the injection volume of 20 μL. The analysis of imazapic using HPLC-UV was successfully carried out through optimum parameters; wavelength at 252 nm, 1.2 mL min -1 for the flow rate, mobile phase composition mixture of phase A (ACN) and phase B (distilled water; acetic acid, v/v) as mobile phase with elution ratio (45A : 55B) during the analysis time of 3.12 minutes, and with the pH of phase B to be adjusted to pH 3.0 using acetic acid [18] . 
MATERIAL AND METHOD

RESULTS AND DISCUSSION
Presence of Imazapic Residues in Surface Water and Groundwater
Results in Table 1 showed that from 116 surface water samples, imazapic compound was detected in 52.6 percent of the samples. However, no significant difference for the number of samples was detected for imazapic concentration between off season and main season. Range of Imazapic concentration detected was 0.3 -5.12 ug/mL and 0.28 -6.02 ug/ml for off season and main season respectively. The highest concentration of imazapic was at W5 on the 11 th day of off season with 8.75 ug/mL while the highest reading for main season was recorded in sample W1 of the 1 st day of sampling time with 6.02 ug/mL. For groundwater samples, only 29 samples were detected with Imazapic from a total of 56 samples ( 
percent).
Although the readings for Imazapic concentration in water samples were not consistent, it can still be detected up until 15 th day of sampling. The findings were found to be similar with several studies carried out previously where the concentration of Imazapic were either detected until day 21, day 39 and day 35; or in some studies, it is mentioned that the presence of Imazapic concentration were available in all sampling period [2] , [9] , [12] , [19] . The presence of this compound in water samples could be due to it being one of the compounds that have High WaterPhase-Transport Runoff Potential (HWPTR) and low Sediment-Transport Runoff Potential (LSTRP) [12] .
Comparison of Imazapic Residues in Surface Water during Off and Main Season
An independent t-test showed that there was a significant mean difference in the comparison of imazapic residue concentration in surface water samples during off and main season (p-value = 0.005, CI = -0.39, 0.11). The mean recorded for the off season was found to be lower than the mean during the main season with mean value of 0.57 ug/mL and 0.71 ug/mL respectively (Table 3 ). This can be related to the rain distribution during off season that was lower than the recorded rain distribution data during main season which influenced the high level of imazapic residues presence in surface water. In another study, it stated that the water quality condition could possibly be weather dependent given that it has a potential source of pollution due to land use activities available [20] . This is because most of the water quality during dry season would stay equally constant with some variations in readings (given that there are no severe exterior disruptions or draught) while during the wet season where the rainfall distribution is maximum, the quality of water at that particular area would potentially become either better or worse depending on the existence of the source of pollution.
Comparison of Imazapic Residues in Groundwater during Off and Main Season
The data recorded in Table 4 was analyzed using independent Kruskal-Wallis test where it was found that there was no significant difference for mean comparison between concentration of imazapic residues detected in groundwater during off and main season (p=0.228). However, based on the evaluation carried out, it was shown that the mean for imazapic residue concentration found in groundwater samples collected during off season are slightly higher (3.17 ug/mL) as compared to concentration found in groundwater samples during main season (1.38 ug/mL). This could be due to the characteristic of Imazapic which has a moderate value of KOC, which is soil organic carbon / water partition coefficient that correlates with its potential of having more mobile organic contaminants into the groundwater [12] . Hence, due to less rain distribution during off season, there is a possibility of less runoff of Imazapic residue from the spraying area, thus more of the residue leaching through the soil into the groundwater sources. 
CONCLUSION
This study demonstrated that imazapic residues can be detected in the surface water and groundwater of this paddy field area. It also showed that the detection of imazapic compound was available until the 15 th day of sampling. Nevertheless, the concentration of Imazapic compound detected during main season (0.71 ug/mL) were higher compared to the samples collected in off season (0.57 ug/mL) which can be related to the higher rain distribution during main season that contribute to the leaching of imazapic residues into nearest surface water area through surface runoff carry over. The presence of Imazapic residues in surface water and groundwater sources can lead to several health problems to farmers and people exposed to it as well as effecting the aquatic ecosystem. Therefore, a proper water management control such as adhering to the proper water holding period after the herbicide application is recommended. In addition, the recommended concentration and the frequency of spraying activity should be monitored to avoid any carry over and/or leaching of imazapic residues into the surface water and groundwater sources.
